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Pulse sequence
The detailed pulse sequence for the 1D selective TOCSY-PSYCHE experiment is shown in Fig. S1 . Narrow and wide filled rectangles represent hard 90° and 180° pulses, respectively. The duration of the 90° pulse (p1) was set to 10.7 µs and 10.5 µs for 1 H for the peppermint oil sample and for the mixture of provitamin D 3 and vitamin D 3 , respectively. The first selective 180° pulse (p12) is applied to the isolated resonance of interest, and typically RSNOB (1) or REBURP (2) shapes are used. The TOCSY transfer is achieved by using the DIPSI-2 mixing scheme with a mixing time (d9) of 50-200 ms depending of the sample.
Trapezoids on either side of the DIPSI-2 isotropic mixing element are low-power 180° chirp pulses of 20 kHz bandwidth, used to suppress zero quantum coherences (3) and their durations were set to 10 (p32) and 30 (p34) ms, respectively. Trapezoids with cross-diagonal arrows are low-power chirp pulses of net flip angle β<<90° which sweep frequency in opposite directions simultaneously (saltire elements) and their durations were set to 15 ms each, with a sweep width of 10 kHz in order to give uniform excitation over about a 6 kHz range, with an amplitude of 64 Hz, and a flip angle β of 10-20°. Gradient pulses G 1 , G 3 , and G 4 are used to select the desired coherence transfer pathways, with amplitudes of 7.0 G cm -1 , 41.2 G cm -1 , and 26.2 G cm -1 , and duration of 1 ms each. G 2 is a spoil gradient with amplitude of 16.6 G cm -1 and duration of 1 ms. G 0 , G 10 , and G 11 are weak pulsed field gradients applied simultaneously with the chirp pulses and saltire elements, with amplitudes of 1.6 G cm -1 , 1.1 G cm -1 , and 1.6 G cm -1 respectively. All gradient pulses were followed by a recovery delay of 200 µs in the selective TOCSY element (d17) and 1 ms in the PSYCHE block (d16). The highlighted part of the FID, with duration of 1/SW 1 , shows the homodecoupled chunk of data acquired for each increment of t 1 . Define the number of drop points (cnst4) as 4. The minimum phase cycle recommended is 8 steps, but 16 step phase cycling provides cleaner results. The full phase cycle is given in Table S1 . 
Creating chirp and saltire pulses
These pulses are uncommon so a detailed description will be provided.
Chirp pulse (for ZQF)
In the Shape Tool of Topspin ('stdisp') open a shape of an adiabatic smoothed chirp. Use a low-to-high field, 20% smoothed, sweep width of 20 kHz (or at least twice the desired spectral window) and 2000 points. The duration of the pulse should be optimized for the sample. For the samples studied in this publication good results were obtained using 10 ms for the first and 30 ms for the second pulse (p32 and p34, respectively).
Save both new pulses and select them in 'spnam32' and 'spnam34'. Their values of γB1 (gammaB1) must be used to define 'cnst53' and 'cnst54'. (3).
Saltire pulse (for PSYCHE)
In the Shape Tool of Topspin open a shape of an adiabatic smoothed chirp. Use a low-to-high field, 20%
smoothed, sweep-width of 10 kHz (or at least twice the desired spectral window), 10000 points and 15 ms duration. Save and create a chirp pulse with the same properties, but now with high-to-low field. Open Add Shape ('manipul addshapes'), and open the two pulses created. Align the high-to-low pulse to the end of the low-to-high pulse, scale them to 100%, and save as AddShape1. Now align the low-to-high with the end of the high-to-low, scale as 100%, and save as AddShape2. Add the two new shapes created, aligning them to the middle of each other and scaling them to 100%. Save this pulse as PSYCHE_Saltire and select this pulse as 'spnam10'. The duration of the PSYCHE element (p10) must be defined as 30 ms, the bandwidth (cnst21) must be 10000 Hz this way, and the flip angle (cnst20) must be set as desired (normally between 10° and 30°). (4).
B. Experimental data
All experimental data for this paper are freely available for download from DOI: 10.15127/1.302716.
Peppermint oil, 25% in DMSO-d 6 (v/v)
The sample was prepared dissolving 150 µL of commercial peppermint oil (Obbekjaers) in 450 µL of DMSO-d 6 . Experiments were run at 303 K. For all experiments the 1 H spectral window was set to 4409 Hz (8.81 ppm), the carrier frequency to 1750 Hz (3.5 ppm) and the duration of the hard 90° pulse was 10.7 µs.
1D Selective TOCSY spectra were recorded with 32k complex points using 32 transients in an experiment time around 4 min. Prior to Fourier transformation, zero-filling to 64k was applied. All PSYCHE and 1D selective TOCSY-PSYCHE 1 H NMR spectra were recorded with 16k complex points, 50 t 1 increments ( 
2D experiments
From the TOCSY spectrum ( Fig. S2) it is clear that a detailed analysis, even using homonuclear 2D methods (Fig. S3) , is almost impossible. Note that due to the large dynamic range of the sample, only the menthol (majority compound) can be observed properly in the 2D display. t 1 -noise from the menthol signals appears at similar intensity to some neomenthol and trans-menthone signals. 
Comparison between 2D and 1D selective TOCSY-PSYCHE experiments
F 1 traces through 2D F 1 -PSYCHE-TOCSY spectrum were compared with 1D selective TOCSY-PSYCHE spectra, to illustrate that long experiment times can be avoided if appropriate 1D experiments are chosen instead of the full 2D. Importantly, the results also benefit from significantly better spectral quality; to achieve the same resolution as the 1D spectra would require an impractically long 2D experiment.
1.2.1. Menthol   Fig. S4 . 1 H spectra of menthol from peppermint oil: a) trace along F 2 from F 1 -PSYCHE-TOCSY with covariance in F 2 , and b) 1D selective TOCSY-PSYCHE. In the 1D experiments the refocusing selective pulse was applied at 3.17 ppm. scans, 4k complex points and 512 t 1 increments. Direct and indirect dimensions were zero-filled to 32k and 1k points, respectively, and 90º phase-shifted squared sine-bell apodization was applied in both dimensions prior to Fourier transformation. define delay tauA define delay tauB "in0=inf1/2" "p2=p1*2" "p11=p10"
C. Pulse sequence
"tauA=in0/2-p16-d16-50u" "tauB=(dw*2*cnst4)+d16+50u"
"spoff10=0" "spoff12=bf1*(cnst12/1000000)-o1" "spoff32=0" "spoff34=0" "p33=1000000.0/(cnst53*4)" "cnst33= (p33/p1) * (p33/p1)" "spw32=plw1/cnst33" "p35=1000000.0/(cnst54*4)" "cnst35= (p35/p1) * (p35/p1)" "spw34=plw1/cnst35" "cnst50=(cnst20/360)*sqrt((2*cnst21)/(p10/2000000))" "p30=1000000.0/(cnst50*4)" "cnst31= (p30/p1) * (p30/p1)" "spw10=plw1/cnst31" "FACTOR1=(d9/(p6*115.112))/2" "l1=FACTOR1*2" 
